Summary.-Treatment of BALB/c mice with radioactive isotopes of the bone-seeking element strontium reduces the percentage of specific NK-cell cytotoxicity to only 2-6°,, compared with 13.6% for normal BALB/c and 36.3°, for athymic (nude) BALB/c. The syngeneic plasmacytoma NS-1 was used as target in a 4h in vitro NK-cell microassay.
NATURAL ANTI-TUMOUR CYTOTOXICITY shown by lymphoid cell preparations obtained from animals previously unexposed to the tumour has attracted increasing interest over the last few years. The effector cell involved, the Natural Killer (NK) cell, is non-phagocytic, non-adherent, lacks the features typical of T or B cells, and in man is morphologically a large granular lymphocyte. Surface receptors for the Fe portion of IgG are demonstrable, and specific differentiation alloantigens have recently been described (Kiessling, 1976; Herberman et al., 1979; Saksela et al., 1979; Clark & Harmon, 1980) . Marked differences in in vitro NK activity occur among inbred mouse strains, and the fact that these differences correlate well with the capacity in vivo to resist the establishment and growth of tumour inocula has been the basis for suggestions that NK cells play a role in antitumour surveillance (Kiessling & Haller, 1978) . Particularly high in vitro NK activity, and correspondingly increased resistance to the establishment of some transplanted tumours, has been noted in athymic (nude) mice (Warner et al., 1977) . Nude mice also show very low incidence of spontaneous tumours, which points to the relative unimportance of thymus-derived cells in anti-tumour surveillance (Rygaard & Povlsen, 1976) .
Animal models deficient in NK activity would be useful in further evaluating the role of these cells in vivo. One such model, the beige mouse, has recently been described. This mutant shows, inter alia, a marked NK-cell defect and increased susceptibility to the establishment and metastasis of transplanted tumours (Tal-* Presenit address: Central Microbiology Laboratories, Western General Hospital, Crewe Road South, Edinburgh EH4. madge et al., 1980; Karre et al., 1980) . In vitro NK activity is also reported to be diminished after neonatal exposure to diethylstilboestrol in certain strains of mice, including BALB/c (Kalland, 1980) . Treatment with radioactive isotopes of the bone-seeking element strontium has previously been shown to produce selective loss of in vitro NK activity (Kumar et al., 1979; Bennett et al., 1976) . We report here experiments using BALB/c mice treated with 90Sr to study in vitro and in vivo changes in response to a syngeneic plasmacytoma line.
MATERIALS AND METHODS
BALB/c and CBA/J mice were bred in the departmental animal house from breeding nuclei supplied by the Laboratory Animal Centre, Carshalton, Surrey. Nude mice were produced in the departmental animal house on a BALB/c background; more than 10 incross, back-cross, cycles having been completed. Female animals only were used in all experiments. Both nude and normal animals were maintained in clean but conventional animal-house conditions. 51Cr as sodium chromate in saline solution and 90Sr as the nitrate were obtained from the Radiochemical Centre, Amersham, England.
The non-secreting subline NS-1 of the BALB/c plasmacytoma P3, used in the department for generating monoclonal antibody clones, was used as target in the in vitro cytotoxicity assays, and was inoculated s.c. in the in vivo growth experiments. The cell line was maintained in RPMI-1640 medium with 10% foetal calf serum.
BALB/c mice, aged 4-5 weeks, each received 3 weekly i.p. injections of 15 ,uCi 90Sr, delivered in 0-2 ml saline, giving a total of 45 ,uCi per mouse.
Effector cells for in vitro NK-cell assays were obtained from treated mice 4 weeks after the final 90Sr injection (at age 10-11 weeks), and from similarly aged untreated BALB/c mice. Nude donors were aged 8-10 weeks. Spleen cells free of macrophages were prepared from 3 spleens per group by the following procedure: Spleens were cut into fine pieces with scissors and gently squeezed with broad-bladed forceps. The cells released were washed once, pelleted and red cells were lysed by distilled-water shock. Lymphocytes were washed once in Eagle's minimum essential medium (MEM) and resuspended to 2-5 x 106 cells/ml in the same medium with 5% foetal calf serum. Ten-ml aliquots of this suspension were incubated in 100mm-diameter culture-grade plastic Petri dishes at 37TC for 30 min in 5% CO2 in air. At the end of the incubation the Petri dishes were rocked gently several times and the nonadherent cell suspension was aspirated, washed once and resuspended in the same medium to give appropriate cell concentrations for the effector: target ratios used in the NK assay. The suspensions contained <2% macrophages when tested with a C'-coated yeast-uptake assay. (Shaala et al., 1979) .
Labelling of target cells and cytotoxicity testing.-A 51Cr-release microcytotoxicity assay was used (Brunner et al., 1976) . Briefly, 100 ,uCi of 51Cr (sp. act. 100-350 /tCi/tLg) in 0-1-012 ml of saline were added to a washed and pelleted deposit of 2 x 106 NS-1 cells. The volume was made up to 0-4 ml with MEM with 5% FCS, and the cells were resuspended. The mixture was incubated in 5% CO2 in air for 30 min at 37TC, gently washed x4 and finally resuspended in the same medium at 5 x 104/ml. Cytotoxicity testing was done in round-bottomed microtitre trays using 0 1 ml of 51Cr-labelled targetcell suspension (5 x 103/well) and an equal volume of effector-cell suspension at appropriate cell concentrations to give the effector: target ratios shown in Fig. 1 (Spiers, 1968) . This produces leeks old), amost complete loss of cellularity, but ae age) and extra-medullary haemopoietic activity in s old) were the spleen maintains peripheral-blood cell rth experi-counts (Table) . For the mixture 9OSr/90Y the f-particle maximum range in tissue is as injected 11-3 mm and for 89Sr-treated animals the 3e to study maximum range in tissue is 6-6 mm (both allogeneic quoted from Spiers, 1968 within 10 days in syngeneic CBA mice and ium local-in nude mice. Two 90Sr-treated BALB/c 1 ends of mice and 4 normal control BALB/c mice skeleton: were similarly injected and observed for 4 weeks. They remained healthy, and at neters in the end of 4 weeks they were bled and e. (Means anti-H-2k cytotoxic-antibody titration showed similar titres in treated and control groups (Fig. 3) . These in vivo findings Controls indicate that T-cell and B-cell functions are substantially intact in the 90Sr-8 X106/MM3 treated mice, and confirm similar con-5X 103/mm3 clusions by other workers (Bennett et al., 1976) . [, 90Sr-treated group; 0, untreate(d control group; O, untreated nucle mice. 1 3.8 0 in untreated controls at the effector: target ratios tested (Fig. 1) . Syngeneic nude mice in the same experitnent showed NK activities in the range 17.9-36.3%, confirming earlier observations of high NK activity in these mutants (Kiessling etal., 1975) .
Stern-cell functions for the generation of T and B cells appear to be adequately taken over by the spleen after 90Sr treatment. Differentiation of NK activity, however, seems to have an absolute requirement for a marrow environment. After radiostrontium treatment, normal target-cell-binding lymphocytes are reported to be present, but these fail to lyse the targets, and this loss of lytic capacity is not restored even after interferon treatment (Kumar et al., 1979) . Thus, the presence of an intact marrow environment seems to be essential for the differentiation of the NK-cell lineage from the target-binding stage to the fully active killer cells. Fig. 2 (Bennett et al., 1976; Kumar et al., 1979) may have been well in excess of the minimum required for deprivation of NK activity. Further experimentation with lower doses of 90Sr would be useful. In addition it would be of great interest to examine alternative sources of marrow irradiation for specific NK-cell depletion, and in particular the properties of 45Ca (Ep max = 0 25 MeV) where the low-energy 3 radiation would have a tissue range < 1 mm, and so would confine the cell damage more precisely to the bone mass. It is in any event important to develop alternative models for studying the long-term effects of NK-cell deprivation, such as changes in the incidence of spontaneous tumours. Such studies in 90Sr-treated mice are compromised by their propensity to develop radiation-induced malignancies of lymphoid or osteogenic origin (Nilsson et al., 1980) .
